1. Introduction
===============

Coronary artery disease (CAD) is the main cause of death worldwide and brings considerable emotional and economic burden.^\[[@R1]\]^ It remains one of the world\'s major health problems, accounting for 12.7% of global mortality.^\[[@R2]\]^ Several risk factors, such as lipid levels, hypertension, family history, smoking, diabetes, obesity, and genetic factors, are involved in the development of CAD.^\[[@R2]--[@R5]\]^ For example, Miao et al^\[[@R6]\]^ reported that the BRCA2 (breast susceptibility gene 2) rs9534275 correlated with increased risk of CAD. For over half a century, hyperlipidaemia has been considered an important risk factor for CAD.^\[[@R7]\]^ High levels of total cholesterol and low-density lipoprotein cholesterol (LDL-C) increase the risk of CAD.^\[[@R8],[@R9]\]^ Blood lipids are heritable, modifiable risk factors for CAD.^\[[@R10]\]^ Therefore, by studying the human lipid genes, we can identify new therapeutic targets for cholesterol management and prevention of heart disease.^\[[@R11]\]^

The human Disabled-2 (Dab2) gene, which is located on chromosome 5p13, consists of 15 exons and encodes a protein consisting of 770 amino acids. Dab2 was originally characterized as a protein with 2 alternatively spliced forms named p96 (also known as p82) and p67 (also known as p59), which lacks a central exon.^\[[@R12]\]^ Dab2 is a putative tumor suppressor that was first recognized because of its down regulation in ovarian tumor.^\[[@R13]\]^ Tissue-dependent expression analysis showed that Dab2 is mainly expressed in the brain,^\[[@R14]\]^ kidneys,^\[[@R15]\]^ intestine,^\[[@R16]\]^ and ovaries.^\[[@R17]\]^ Single-nucleotide polymorphism (SNP) of Dab2 has been widely studied. For example, it is shown that Dab2 rs11959928 is associated with renal function and/or renal disease,^\[[@R18]\]^ whereas Dab2 rs268091 is a significant predictor of prostate cancer-specific mortality.^\[[@R19]\]^ The rs2255280 variant of Dab2 is associated with a lower risk of pancreatic cancer.^\[[@R20]\]^ However, the relationship of Dab2 SNP with CAD is unclear.

Sochacki et al^\[[@R21]\]^ found that Dab2 located on both the edge and center of clathrin-coated structures. Dab2 is a clathrin adaptor that binds to the membrane, clathrin, and other components.^\[[@R19]\]^ As an adaptor protein, Dab2 can bind to and transport cell surface receptors, including low-density lipoprotein receptor (LDLR)^\[[@R22]\]^ and type 1 and 2 transforming growth factor-β receptors.^\[[@R23]\]^ In studies using cultured cells, Dab2 was shown to play a role in LDLR endocytosis.^\[[@R22],[@R24]\]^ In liver sinusoid endothelial cells, Dab2 participated in LDLR-mediated LDL uptake, was responsible for the majority of adaptor functions in LDLR endocytosis and LDLR-mediated cholesterol clearance from the circulation, and regulated cholesterol synthesis.^\[[@R25]\]^ Previous studies also showed that different adaptors may be complementary in the endocytosis of certain proteins, such as autosomal-recessive hypercholesterolemia and Dab2 in LDLR endocytosis;^\[[@R24],[@R26]\]^ and Dab2 and Numb in integrin endocytosis.^\[[@R27]\]^ Consistently, Wei et al^\[[@R28]\]^ showed that Dab2 modulated cholesterol homeostasis by selectively participating in the process of LDLR-mediated cholesterol uptake. As an adaptor protein, Dab2 also plays roles in growth factor signaling,^\[[@R29]\]^ cytoskeleton reorganization,^\[[@R15]\]^ and cell adhesion control.^\[[@R30]\]^ These studies demonstrate that Dab2 plays an important role in the regulation of cholesterol absorption.

Therefore, in the present study, we determined to investigate the association between SNP of Dab2 and CAD.

2. Materials and methods
========================

2.1. Ethical approval of the study protocol
-------------------------------------------

This study was approved by the Ethics Committee of the First Affiliated Hospital of Xinjiang Medical University (Xinjiang, China). We conducted the study according to the standards of the Declaration of Helsinki. All of the patients provided written informed consents and explicitly provided permission for DNA analyses, as well as the collection of relevant clinical data.

2.2. Subjects
-------------

CAD patients and control subjects were recruited from The First Affiliated Hospital of Xinjiang Medical University and from January 2012 to December 2016. Han Chinese patients and Uighur Chinese patients were studied independently. CAD group included 611 Han Chinese patients and 346 Uyghur Chinese patients and the control group included 621 Han Chinese individuals and 405 Uyghur Chinese individuals. CAD was defined as the presence of at least 1 significant coronary artery stenosis with more than 50% luminal diameter on coronary angiography. Control subjects also underwent coronary angiography and were confirmed to be free of coronary artery stenosis. Moreover, the control subjects did not show clinical or electrocardiogram evidence of myocardial infarction or CAD.^\[[@R31]\]^ Clinical data were collected from all study subjects. Subjects with malignant tumors, connective tissue disease, chronic kidney disease, valvular heart disease, and chronic inflammatory diseases were excluded.

2.3. Laboratory examination and definition of cardiovascular risk factors
-------------------------------------------------------------------------

Fasting blood samples were collected from all participants and serum was isolated. Serum concentrations of blood urea nitrogen (BUN), creatinine (Cr), fasting plasma glucose (FPG), total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), and LDL-C were measured using standard methods as previously described.^\[[@R32]\]^ Major CAD risk factors were defined based on current national guidelines.^\[[@R33],[@R34]\]^ Dyslipidemia was defined as TG ≥1.70 mmol/L, TC ≥ 5.20 mmol/L, LDL-C ≥ 3.40 mmol/L, HDL-C \< 1.00 mmol/L, or a prior Dyslipidemia diagnosis and/or receiving a lipid-lowering drug.^\[[@R33]\]^ Hypertension was defined as a systolic blood pressure (SBP) ≥ 140 mm Hg, diastolic blood pressure (DBP) ≥ 90 mm Hg, or a prior hypertension diagnosis and/or receiving an antihypertensive drug.^\[[@R34]\]^ Diabetes was defined as FPG ≥ 6.99 mmol/L, or a prior diabetes diagnosis and/or using a diabetes drug.^\[[@R35]\]^ Smoking was defined as currently or previously smoking. Drinking was defined as drinking at least once a week and last for more than 1 year.

2.4. DNA extraction
-------------------

The blood samples were collected and centrifuged at 4000 × g for 5 minutes to separate the peripheral blood leukocytes. DNA was extracted from these leukocytes using a whole blood genome extraction kit (Beijing Bioteke Corporation, Beijing, China), as described previously.^\[[@R32]\]^ The DNA samples were stored at − 80°C until use.

2.5. SNP selection and genotyping
---------------------------------

In the current study, the data from the 1000 Genomes Project ([http://www.1000genomes.org](http://www.1000genomes.org/)) was analyzed by Haploview 4.2 software (Broade Institute, MA). After analyzing, we obtained 4 tagging SNPs for Chinese Hans and Uygurs using a minor allele frequency (MAF)≥0.05 and linkage disequilibrium patterns, with r^2^≥0.8 as a cutoff.

SNP genotyping was performed using an improved multiplex ligase detection reaction method (iMLDR, Genesky Bio-Tech Cod., Ltd, Shanghai, China). The primers were shown in Table [1](#T1){ref-type="table"}. The PCR reaction mixture contained 1x GC-I buffer (Takara, Dalian, China), 3.0 mM Mg2^+^, 0.3 mM dNTP, 1 U HotStarTaq polymerase (Qiagen Inc, USA), 1 μM multiplex PCR primer, and 50 ng DNA sample. PCR amplification was performed under the following conditions: 95°C for 2 minutes and 11 cycles at 94°C for 20 seconds, 65°C for 40 seconds, 72°C for 1.5 minutes, and 24 cycles at 94°C for 20 seconds, 59°C for 30 seconds, and 72°C for 1.5 minutes, and a final extension at 72°C for 2 minutes. PCR products were purified with 5U SAP enzyme and 2U Exonuclease I enzyme, 37°C warm bath for 1 hour, and then 75 inactivation for 15 minutes. Ligation primer sequences were shown in Table [2](#T2){ref-type="table"}. The ligation system includes: 1 uL connection buffer (10×), 0.25 μL high-temperature ligase, 0.4 uL 5 ' ligation primer mixture (1 μM), 0.4 μL 3' ligation primer mixture (2 μM), 2 μL purified multiple PCR products and 6 μL ddH~2~O. PCR ligation procedure was performed under the following conditions: 38 cycles at 94°C for 1.0 minutes and 56°C for 4 minutes. A total of 0.5 μL of the diluted ligation product was mixed with 0.5 μL Liz500 SIZE STANDARD (Thermo Fisher Scientific) and 9 μL Hi-Di (ABI), denatured at 95°C for 5 minutes and then sequenced on ABI3730XL sequencer (Applied Biosystems, Foster City, CA). Genotyping was performed in a blinded manner without knowledge of the patients' clinical data, and a total of 10% of the genotyped samples were duplicated to monitor genotyping quality.

###### 

PCR primers used in this study.
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Ligation primers used in this study.
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2.6. Statistical analysis
-------------------------

All statistical analyses were performed using SPSS 17.0 software for Windows (SPSS Institute, Chicago, IL). The normality of distribution of continuous variables was analyzed with D'Agostino-Pearson test. All continuous variables were expressed as mean ± standard deviation (SD) and the differences in continuous variables were compared by using an independent-sample *t* test. Chi-square analysis was used to test the deviations of genotype distribution from the Hardy-Weinberg equilibrium and to determine the differences of allele or genotype frequencies. The variables with significant differences between control and patients were included in the Logistic regression models. Logistic regression analyses with effect ratios (odds ratio \[OR\] and 95% CI \[confidence interval\]) were used to assess the contribution of the major risk factors. The frequency distribution of the haplotypes was calculated by performing a permutation test using the bootstrap method. *P* \< .05 was considered to be statistically significant.

3. Results
==========

3.1. Characteristics of CAD patients and control subjects
---------------------------------------------------------

The general data and clinical characteristics of CAD patients and the control group subjects of Han and Uygur population are described in Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}, respectively. For both populations, there was no significant difference in age between CAD patients and control subjects, indicating that the subjects are age-matched. For Han population, the body mass index (BMI) (*P* \< .01), FPG (*P* \< .01), TG (*P* \< .01), TC (*P* \< .01), LDL-C (*P* \< .01), SBP (*P* \< .01), hyperlipidemia (*P* \< .01), the prevalence rate of hypertension (*P* \< .01), and the prevalence rate of diabetes mellitus (*P* \< .01) were significantly higher in patients with CAD than that in control participants. For Uygur populations, the serum Cr (*P* = .01), uric acid (*P* = .03), FPG (*P* \< .01), TG (*P* = .03), LDL-C (*P* = .00), hyperlipidemia (*P* \< .01), smoking (*P* = .01), the prevalence rate of hypertension (*P* = .01), and the prevalence rate of diabetes mellitus (*P* \< .01) were significantly higher in patients with CAD than that in control participants. These data show that some risk factors for CAD are common in both Han and Uygur population.

###### 

Characteristics of Han Chinese subjects.
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Characteristics of Uygur Chinese subjects.
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3.2. Hardy-Weinberg equilibrium test
------------------------------------

The genotype distributions of the 4 SNPs in Han and Uygur controls were analyzed using Hardy-Weinberg equilibrium test. We found that all the SNPs are in line with the Hardy-Weinberg equilibrium (*P* = .02 for rs1050903, *P* = .35 for rs2855512, *P* = .350 for rs11959928, and *P* = .06 for rs2255280 in Han population; *P* = .77 for rs1050903, *P* = .07 for rs2855512, *P* = .70 for rs11959928, and *P* = .08 for rs2255280 in Uygur population), which indicated accurate population representation of the samples.

3.3. The distribution of the genotypes and alleles for the Dab2 SNPs between CAD patients and control subjects
--------------------------------------------------------------------------------------------------------------

We first compared the distribution of Dab2 SNPs in Han population (Table [5](#T5){ref-type="table"}). For rs2855512, the distribution of the genotype, dominant model (AA vs. AC + CC), as well as the allele frequency was significantly different between patients with CAD and control subjects (*P* = .02, *P* = .01 and *P* = .01, respectively). Meanwhile, the distribution of the genotype, dominant model (AA vs. AC + CC), and recessive model (CC vs. AC + AA) as well as the allele frequency was significantly different between patients with CAD and control subjects (*P* = .03, *P* = .02, *P* = .05, and *P* = .01, respectively) for rs2255280. However, there was no difference in the genotype, allele, and distribution frequencies between CAD patients and health controls for rs1050903 and rs11959928. In contrast, all the 4 SNPs in the Dab2 gene showed similar genotype, gene model, and the allele frequencies between CAD patients and control participants among the Uygur populations (*P* \> .05; Table [6](#T6){ref-type="table"}). These results indicated that the distribution of rs2855512 and rs2255280 genotypes in CAD patients and control group was different.
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Genotype and allele distribution among control subjects and patients with CAD in the Han population.
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Genotype and allele distribution among control subjects and patients with CAD in the Uygur population.
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3.4. Association of Dab2 polymorphisms with CAD in Han population
-----------------------------------------------------------------

To further investigate the relationship between the significantly different Dab2 SNPs (rs2855512 and rs2255280) and CAD in the Han population, multivariable logistic regression analysis was conducted. The following variables were adjusted: gender, age, BMI, uric acid, FPG, TG, TC HDL-C, LDL-C, SBP, DBP, Hyperlipidemia, smoking, drinking, hypertension, and diabetes (Table [7](#T7){ref-type="table"}). Statistical significant correlation between dominant model of both SNPs and CAD was found after multivariate adjustment (*P* = .01, OR = 1.44, 95% CI: 1.10--1.88 for rs2855512 and *P* = .01, OR = 1.42, 95% CI: 1.08--1.85 for rs2255280, respectively; Table [7](#T7){ref-type="table"}). However, there was no significant difference in the distribution frequency of A allele in rs2855512 and A allele in rs2255280. For Uygur population, there was no significant difference in 4 SNPs gene model (Table [8](#T8){ref-type="table"}). Therefore, we speculate that rs285512 A allele and rs2255280 A allele may be potentially associated with the onset of CAD of Xinjiang Han population.
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Multiple logistic regression analysis for CAD patients and control subjects in Han Chinese (rs2855512 and rs2255280).
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Multiple logistic regression analysis for CAD patients and control subjects in Uygur Chinese (rs1050903, rs2855512, rs2255280).
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4. Discussion and conclusion
============================

To the best of our knowledge, this is the first study on the relationship of Dab2 gene variants rs1050903, rs2855512, rs11959928, and rs2255280 with susceptibility to CAD. Here, we identified a significant association of Dab2 gene variants with CAD in Chinese Han population, showing that rs2855512 A \> C and rs2255280 A\>C may be risk factors of CAD susceptibility.

Abnormal blood lipid often leads to an increased risk of early atherosclerosis, which is also a major risk factor for CAD.^\[[@R36]\]^ Elevated LDL-C and serum cholesterol levels are risk factors of CAD, whereas lowering LDL-C levels could significantly reduce the risk of CAD morbidity and mortality.^\[[@R37],[@R38]\]^ Other types of dyslipidaemia, such as elevated TG and reduced HDL-C, are also associated with an elevated risk of CAD.^\[[@R39],[@R40]\]^

The results of more than 200 prospective cohort studies, randomized trials, and large-scale research projects involving more than 2 million participants were meta-analyzed.^\[[@R41]\]^ The results showed that there was a significant dose-dependent relationship between the absolute exposure of vascular system to LDL cholesterol and atherosclerotic cardiovascular disease, and the risk increased with exposure time.^\[[@R41]\]^ Thus, effective control of dyslipidaemia is of great importance to the prevention and control of CAD in China.

In this case-control study, 4 SNPs in the Dab2 gene were examined in 1983 subjects to determine whether they were related to the risk of CAD in the Chinese Han and Uygur populations. The overall distribution, genotypes, and alleles of the 4 SNPs were not significantly different between CAD patients and control subjects in Uygur populations. In the Han population, the distribution of the genotype and dominant model (AA vs. AC + CC) of rs2855512 as well as its allele frequency was significantly different between patients with CAD and control subjects. Meanwhile, the distribution of the genotype, dominant model (AA vs. AC + CC), and recessive model (CC vs. AC + AA) of rs2255280 as well as its allele frequency was significantly different between patients with CAD and control subjects. The most valuable finding is that the rs2855512 and rs2255280 polymorphisms of Dab2 were significantly associated with increased risk of CAD. After multivariate adjustment for gender, age, BMI, UA, FPG, TG, TC, HDL-C, LDL-C, SBP, DBP, hyperlipidaemia, smoking, drinking, hypertension, and diabetes in the total Han Chinese population, we found that the rs2855512 A allele and rs2255280 A allele are risk alleles. Individuals with the AA genotype had an odds ratio (OR) of 1.44 (95% confidence interval \[CI\]: 1.10--1.88, *P* = .01, rs2855512) and 1.42 (95% CI: 1.08--1.85, *P* = .01, rs2255280) for CAD, respectively. Our data indicate that the AA genotype of rs2855512 and rs2255280 in the Dab2 gene may be genetic markers of CAD risk. However, the underlying mechanisms remain unclear. We hypothesize that variants of Dab2 rs2243421 and rs2255280 may enhance Dab2 expression and reduce the incidence of CAD.

Dab2 is a functional protein with multiple domains that mediates endocytosis and is a signal transduction phosphoprotein involved in intracellular protein transport.^\[[@R42]\]^ The activity and ability of Dab2 to mediate LDLR endocytosis have been demonstrated in cultured cells.^\[[@R24]\]^ Members of the LDL receptor family contain NPXY motifs that are specifically recognized by Dab2;^\[[@R43]--[@R45]\]^ thus, a role for Dab2 in LDL uptake and cholesterol metabolism is expected. As an endocytic adaptor protein,^\[[@R22],[@R46],[@R47]\]^ Dab2 possesses a PTB/PID domain at its N-terminus that can bind the NPXY (Asn-Pro-X-Tyr, X represents any amino acid) motif found in a subset of cell surface receptors.^\[[@R48]\]^ Through its PTB domain, Dab2 mediates the attachment of cargo-containing transmembrane proteins with an NPXY motif, such as the LDL receptor, EGF receptor, megalin, and integrins, to clathrin coats (through DFF motifs).^\[[@R15],[@R46],[@R47],[@R49]\]^ Therefore, Dab2 is able to recruit the LDL receptor into clathrin-coated pits and facilitate endocytosis.^\[[@R24],[@R50]\]^ Based on the findings from these previous studies and from our present study, we hypothesize that variants of Dab2 rs2243421 and rs2255280 may enhance Dab2 expression and reduce the incidence of CAD.

To better interpret the results, the limitations of our analysis should also be acknowledged. First, this study is limited in the small sample size. Further large-scale investigation is needed. Second, the large time interval for subject enrolment may cause certain bias due to differences in the detection of relevant indicators and the collection of clinical data.

In conclusion, we found that Dab2 gene polymorphisms rs2855512 and rs2255280 are associated with CAD in the Han population in China. The AA genotype of rs2855512 and rs2255280 in the Dab2 gene may be a risk genetic marker of CAD in the Han population in China. Therefore, further large-scale investigations should be carried out in different ethnic groups to verify these findings in other populations. Additionally, functional analyses will be needed to confirm the relevance of rs2855512 and rs2255280 with CAD.
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